Cyclic di-GMP signalling controls virulence properties of Salmonella enterica serovar Typhimurium at the mucosal lining.
Cyclic di-GMP (c-di-GMP), a novel secondary signalling molecule present in most bacteria, controls transition between motility and sessility. In Salmonella enterica serovar Typhimurium (S. typhimurium) high c-di-GMP concentrations favour the expression of a biofilm state through expression of the master regulator CsgD. In this work, we investigate the effect of c-di-GMP signalling on virulence phenotypes of S. typhimurium. After saturation of the cell with c-di-GMP by overexpression of a di-guanylate cyclase, we studied invasion and induction of a pro-inflammatory cytokine in epithelial cells, basic phenotypes that are major determinants of S. typhimurium virulence. Elevated c-di-GMP had a profound effect on invasion into and IL-8 production by the gastrointestinal epithelial cell line HT-29. Invasion was mainly inhibited through CsgD and the extracellular matrix component cellulose, while inhibition of the pro-inflammatory response occurred through CsgD, which inhibited the secretion of monomeric flagellin. Our results suggest that transition between biofilm formation and virulence in S. typhimurium at the epithelial cell lining is mediated by c-di-GMP signalling through CsgD and cellulose expression.